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Outline
• Introduction
• Subphenotyping of COVID-19 at infection confirmation
• Subphenotyping of Severe COVID-19 after Mechanical Ventilation
• Subphenotyping of Long COVID
• Subphenotyping of AD
• Discussions

Su, Chang, Yongkang Zhang, James H. Flory, Mark G. Weiner, Rainu Kaushal, Edward J. Schenck, and Fei Wang. "Clinical subphenotypes in COVID-19: 
derivation, validation, prediction, temporal patterns, and interaction with social determinants of health." NPJ digital medicine 4, no. 1 (2021): 110.



Overall Setup

8Kaushal, Rainu, George Hripcsak, Deborah D. Ascheim, Toby Bloom, Thomas R. Campion Jr, Arthur L. Caplan, Brian P. Currie et al. "Changing the research 
landscape: the new York City clinical data research network." Journal of the American Medical Informatics Association 21, no. 4 (2014): 587-590.

RESULTS
Patients
A total of 14418 patients with confirmed COVID-19 between
March 1 and June 12, 2020, treated in ED (N= 2354, 16.3%) or
inpatient (N= 12064, 83.7%) settings, were included for analysis
from the five major medical centers in New York City (NYC). Details
of inclusion and exclusion criteria are presented in the

Supplementary Fig. 1. We identified 2853 (19.8%) deaths within
60-day after COVID-19 confirmation in total, including 2801
(19.4%) in-hospital deaths and 52 (4%) deaths after discharge
from COVID related hospitalization or ED visits. Considering
population diversity (especially race) of the five medical centers
(see Supplementary Table 1), we combined four centers and
randomly divided them into the development cohort (70%) and

Fig. 1 A schematic of the analysis plan. a Strategy for construction of development, internal validation, and external validation cohorts.
b Data preparation for clustering analysis. c Derivation of subphenotypes in the development cohort. Reproducibility of the identified
subphenotypes were evaluated in multiple ways, including d sensitivity analyses in the development cohort and subphenotype rederivation
in the internal validation cohort; and e training subphenotype predictive model in the development cohort and f using it to predict
subphenotype memberships of patients in the external validation cohort. Last, g further analyses were conducted to interpret
subphenotypes, explore temporal patterns of subphenotypes during the pandemic, and evaluate impact of SDoH characterisitics on
subphenotypes. NYC New York City, SDoH social determinants of health, UMAP Uniform Manifold Approximation and Projection.

C. Su et al.
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Characteristics
Cohort

Development cohort Internal validation cohort External validation cohort
No. of patients 8,199 3,519 2,700

Construction method

70% patients (randomly selected) 
from 4 sites of INSIGNT network: 

NYU-LMC, NYP-WCMC, MSHS, and 
MMC

Remaining 30% patients from 4 
sites of INSIGNT network: NYU 
Langone Medical Center, NYP-

WCMC, Mount Sinai Health System, 
and Montefiore Medical Center

NYP-CUMC

Age, y, Median (IQR) 63.53 [50.57 - 75.15] 63.51 [50.95 - 75.17] 65.58 (51.08 - 77.39)
Sex female, N (%) 3,787 (46.2) 1,585 (45.0) 1,305 (48.3)
Race, N (%)

White 2,036 (24.8) 838 (23.8) 675 (25.0)
Black 2,155 (26.3) 915 (26.0) 545 (20.2)
Asian 409 (5.0) 193 (5.5) 28 (1.0)
Multiple race 39 (0.5) 13 (0.4) 912 (33.8)
Other/unknown 3560 (43.4) 1560 (44.3) 540 (20.0)

Outcomes (60 days), N (%)
Mortality 1529 (18.65) 696 (19.78) 556 (20.59)
Mechanical ventilation 

(intubation 1154 (14.07) 497 (14.12) 248 (9.19)

ICU admission 1494 (18.22) 661 (18.78) -
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Outline
• Introduction
• Subphenotyping of COVID-19 at infection confirmation
• Subphenotyping of Severe COVID-19 after Mechanical Ventilation
• Subphenotyping of Long COVID
• Subphenotyping of PD
• Discussions

Su, Chang, Zhenxing Xu, Katherine Hoffman, Parag Goyal, Monika M. Safford, Jerry Lee, Sergio Alvarez-Mulett et al. "Identifying organ dysfunction 
trajectory-based subphenotypes in critically ill patients with COVID-19." Scientific Reports 11, no. 1 (2021): 15872.



An Early Conceptual Model for the Progression
of COVID-19 in Acute Phase

16Siddiqi, Hasan K., and Mandeep R. Mehra. "COVID-19 illness in native and immunosuppressed states: A clinical–therapeutic staging proposal." The Journal 
of Heart and Lung Transplantation 39, no. 5 (2020): 405.



Sequential Organ Failure Assessment
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Sequential	Organ	Failure	Assessment	(SOFA)	

• Sequential	Organ	Failure	Assessment	(SOFA)	is	a	scoring	system	of	tracking	patient’s	
organ	dysfunction	severity	during	the	stay	in	ICU.	Ranging	from	0	to	24.

Vincent	JL	et	al.	The	SOFA	(Sepsis-related	Organ	Failure	Assessment)	score	to	describe	organ	dysfunction/failure.

Central nervous system (CNS) 
dysfunction

Cardiovascular dysfunction
Respiration dysfunction

Liver dysfunction

(Blood) coagulation dysfunction Renal dysfunction



Cohort Setup
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SOFA	trajectory-based	subphenotyping

§ Data	

§ Goal
• Identifying	subphenotypes of	critically	ill	patients	with	COVID-19	based	on	7-days	
SOFA	trajectory	after	intubation.	

New	York	Presbyterian
Weill	Cornell	Medical	Center
(NYP-WCMC)	– 348	patients

Development Validation

New	York	Presbyterian
Lower	Manhattan	Hospital
(NYP-LMH)	– 100	patients

7-days	window	after	intubation

Intubation	time	

• SOFA	scores	were	calculated	every	24	hours

• Post-intubation	SOFA	trajectory

• Patients	missing	more	than	3-days	SOFA	
data	were	excluded

Mar	1st to	May	12th



Baseline Stratification
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Two-staged	subphenotyping
§ Stage	I:	Baseline	stratification

Intermediate	stratum

Severe	stratum

Mild	stratum
SOFA	0-10

SOFA	11-12

SOFA	13-24

Mild Intermediate Severe 
Respiration SOFA 3.45 (0.89) 3.89 (0.45) 3.97 (0.25)
CNS SOFA 3.34 (1.13) 3.72 (0.47) 3.94 (0.24)
Cardiovascular SOFA 1.32 (1.34) 3.41 (0.88) 3.69 (0.70)
Renal SOFA 0.16 (0.54) 0.35 (0.67) 1.96 (1.44)
Liver SOFA 0.20 (0.46) 0.14 (0.43) 0.37 (0.67)
Coagulation SOFA 0.12 (0.40) 0.04 (0.20) 0.28 (0.64)



Trajectory Grouping
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Two-staged	subphenotyping
§ Stage	II:	SOFA	trajectory	clustering

Intermediate	stratum

Severe	stratum

Mild	stratum

Patient-wise	distance	matrix

Dynamic	time	wrapping	(DTW)

Clustering

Subphenotypes with	
homogeneous	SOFA	trends

§ Stage	I:	Baseline	stratification



Identified Subphenotypes
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Mild stratum 
(Baseline SOFA 0-10)

Intermediate stratum 
(Baseline SOFA 11-12)

Severe stratum 
(Baseline SOFA 13-24)

A

Mild stratum 
(Baseline SOFA 0-10)

Intermediate stratum 
(Baseline SOFA 11-12)

Severe stratum 
(Baseline SOFA 13-24)

B Worsening,	n=37
Recovering,	n=39

Worsening,	n=41
Recovering,	n=75

Worsening,	n=54
Recovering,	n=72



Identified Subphenotypes
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Worsening,	n=7
Recovering,	n=3

Worsening,	n=22
Recovering,	n=13

Worsening,	n=12
Recovering,	n=27
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Mild stratum Intermediate stratum Severe stratum

A

B
Mild stratum Intermediate stratum Severe stratum

WA
RA
WE
RE

*

***

WA
RA
WE
RE

**

*

WA
RA
WE
RE

***

***

WA
RA
WE
RE

WA
RA
WE
RE

***

*

WA
RA
WE
RE *

* P	<	0.05
** p	<	0.01
***	 p	<	0.001	

 4 

*** denoting testing significance passed p-value < 0.001. 

Abbreviations: WA=worsening subphenotype alive; RA=recovering subphenotype alive; 

WE=worsening subphenotype extubated; RE=recovering subphenotype extubated. 
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* P	<	0.05
** p	<	0.01
***	 p	<	0.001	

 4 

*** denoting testing significance passed p-value < 0.001. 

Abbreviations: WA=worsening subphenotype alive; RA=recovering subphenotype alive; 

WE=worsening subphenotype extubated; RE=recovering subphenotype extubated. 
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Baseline	strata

Mild

Intermediate

Severe

Worsening

Recovering

Mild stratum 
(Baseline SOFA 0-10)

Intermediate stratum 
(Baseline SOFA 11-12)

Severe stratum 
(Baseline SOFA 13-24)

A

Mild stratum 
(Baseline SOFA 0-10)

Intermediate stratum 
(Baseline SOFA 11-12)

Severe stratum 
(Baseline SOFA 13-24)

B

Worsening

Recovering

Worsening

Recovering

Mild stratum 
(Baseline SOFA 0-10)

Intermediate stratum 
(Baseline SOFA 11-12)

Severe stratum 
(Baseline SOFA 13-24)

A

Mild stratum 
(Baseline SOFA 0-10)

Intermediate stratum 
(Baseline SOFA 11-12)

Severe stratum 
(Baseline SOFA 13-24)

B

Mild stratum 
(Baseline SOFA 0-10)

Intermediate stratum 
(Baseline SOFA 11-12)

Severe stratum 
(Baseline SOFA 13-24)

A

Mild stratum 
(Baseline SOFA 0-10)

Intermediate stratum 
(Baseline SOFA 11-12)

Severe stratum 
(Baseline SOFA 13-24)

B

Subphenotype Biomarkers

• 27	laboratory	test	values

• 4	vital	signs

E.g.,	albumin,	bilirubin,	and	
white	blood	cell	count

Body	temperature,	urine	
output,	mean	arterial	
pressure,	and	Glasgow	Coma	
Scale	(GCS,	consciousness)	

Biomarker Differentiation
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Mild

Intermediate

Severe

Worsening

Recovering

Mild stratum 
(Baseline SOFA 0-10)

Intermediate stratum 
(Baseline SOFA 11-12)

Severe stratum 
(Baseline SOFA 13-24)

A

Mild stratum 
(Baseline SOFA 0-10)

Intermediate stratum 
(Baseline SOFA 11-12)

Severe stratum 
(Baseline SOFA 13-24)

B

Worsening

Recovering

Worsening

Recovering

Mild stratum 
(Baseline SOFA 0-10)

Intermediate stratum 
(Baseline SOFA 11-12)

Severe stratum 
(Baseline SOFA 13-24)

A

Mild stratum 
(Baseline SOFA 0-10)

Intermediate stratum 
(Baseline SOFA 11-12)

Severe stratum 
(Baseline SOFA 13-24)

B

Mild stratum 
(Baseline SOFA 0-10)

Intermediate stratum 
(Baseline SOFA 11-12)

Severe stratum 
(Baseline SOFA 13-24)

A

Mild stratum 
(Baseline SOFA 0-10)

Intermediate stratum 
(Baseline SOFA 11-12)

Severe stratum 
(Baseline SOFA 13-24)

B

C-reactive	protein Neutrophil	count

White	blood	cell	count

Inflammatory hinders		the	
worsening	subphenotype from	

recovery.

Baseline	strata Subphenotype Biomarkers

Biomarker Differentiation
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Mild

Intermediate

Severe

Worsening

Recovering

Mild stratum 
(Baseline SOFA 0-10)

Intermediate stratum 
(Baseline SOFA 11-12)

Severe stratum 
(Baseline SOFA 13-24)

A

Mild stratum 
(Baseline SOFA 0-10)

Intermediate stratum 
(Baseline SOFA 11-12)

Severe stratum 
(Baseline SOFA 13-24)

B

Worsening

Recovering

Worsening

Recovering

Mild stratum 
(Baseline SOFA 0-10)

Intermediate stratum 
(Baseline SOFA 11-12)

Severe stratum 
(Baseline SOFA 13-24)

A

Mild stratum 
(Baseline SOFA 0-10)

Intermediate stratum 
(Baseline SOFA 11-12)

Severe stratum 
(Baseline SOFA 13-24)

B

Mild stratum 
(Baseline SOFA 0-10)

Intermediate stratum 
(Baseline SOFA 11-12)

Severe stratum 
(Baseline SOFA 13-24)

A

Mild stratum 
(Baseline SOFA 0-10)

Intermediate stratum 
(Baseline SOFA 11-12)

Severe stratum 
(Baseline SOFA 13-24)

B

Ferritin Bilirubin

Platelet

Worsening	is	driven	by	cell	death,	
macrophage	activation	and	overt	organ

dysfunction	with	disseminated	
intravascular	coagulation

Baseline	strata Subphenotype Biomarkers

Creatinine

Biomarker Differentiation



Outline
• Introduction
• Subphenotyping of COVID-19 at infection confirmation
• Subphenotyping of Severe COVID-19 after Mechanical Ventilation
• Subphenotyping of Long COVID
• Subphenotyping of PD
• Discussions

Zhang, Hao, Chengxi Zang, Zhenxing Xu, Yongkang Zhang, Jie Xu, Jiang Bian, Dmitry Morozyuk et al. "Data-driven identification of post-acute SARS-CoV-2 
infection subphenotypes." Nature Medicine 29, no. 1 (2023): 226-235.



DATABASE

Cohort: SARS-CoV-2 
infected patients with 
newly incident conditions 
within 30-180 days after 
infection

Variables: 137 investigative 
conditions

Step 1. Binary vector representations of patients with incident PASC diagnosis

Step 3. Derivation of the patient representation in the PASC topic space
Step 4. Derivation of the PASC subphenotypes as patient groups with the PASC 
topic-based representation through cluster analysis.

Subphenotype 1
Subphenotype 2

Subphenotype 3

Subphenotype 4

Step 2. Inference of PASC topics. Each PASC topic encodes a particular set of 
frequently co-occurred incident PASC diagnosis

METHOD

Electronic Health Records (EHR) data for patients with 
lab-confirmed SARS-CoV-2 Infection from two clinical 
research networks (CRN)

• INSIGHT: New York City area
• OneFlorida+: Florida, Georgia and Alabama

Pipeline



30

Ø Topics: a distribution over all words. Global 
parameters shared by all documents.

Ø Topic proportion: represent the 
importance of each topic in representing 
this document. Local parameters denotes 
the new feature of each document in topic 
space.

The basic idea of topic modeling: exploring different topics (group of some 
“similar” words) for documents

Background – probabilistic topic modeling

Similar (word cooccurrence): some words should often appear simultaneously in one document   

Transform the document represented by words to a new 
feature represented by topics.
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Background – probabilistic topic modeling

Transform the document represented by words to a new 
feature represented by topics.

Vocabulary 1) 2)

industry 3 0

NBA 0 6

economy 2 1

economic 3 2

game 0 5

medical 2 0

business 3 4

This vector should 
be high-dimensional, 
sparse, and discrete.

Vocabulary 1) 2)

Topic1 0.4 0.05

Topic2 0.06 0.3

Topic3 0.3 0.04

Topic4 0.05 0.3

Topic5 0.19 0.31

… …
This vector should 
be low-dimensional, 
dense, and 
continuous

VS

Topic modeling PCA

Topics Factors

Topic proportion Factor loading



/E^/',d��ĂƚĂďĂƐĞ KŶĞ&ůŽƌŝĚĂн��ĂƚĂďĂƐĞ
KŶĞ&ůŽƌŝĚĂн��ůŝŶŝĐĂů�

ZĞƐĞĂƌĐŚ�EĞƚǁŽƌŬ�ƚŝůů�ϮϬϮϭ
Eсϭϵ͕ϮϬϳ͕ϯϬϬ

/E^/',d��ůŝŶŝĐĂů�ZĞƐĞĂƌĐŚ�
EĞƚǁŽƌŬ�ƚŝůů�ϮϬϮϭ
Eсϱ͕ϯϰϲ͕ϯϱϳ

�ŶǇ�^�Z^Ͳ�ŽsͲϮ�W�Zͬ�ŶƚŝŐĞŶ�
ƚĞƐƚƐ͕�DĂƌĐŚ�ϮϬϮϬ�ƚŽ�EŽǀ͘ �ϮϬϮϭ

Eсϭ͕ϰϬϮ͕ϯϰϴ

�ŶǇ�^�Z^Ͳ�ŽsͲϮ�W�Zͬ�ŶƚŝŐĞŶ�
ƚĞƐƚƐ͕�DĂƌĐŚ�ϮϬϮϬ�ƚŽ�EŽǀ͘ �ϮϬϮϭ

Eсϳϭϴ͕ϭϵϵ

tŝƚŚ�ĐŽŶĨŝƌŵĞĚ�ůĂďŽƌĂƚŽƌǇ�ƚĞƐƚ�
ƌĞƐƵůƚƐ

Eсϭ͕Ϯϭϵ͕ϴϳϭ

tŝƚŚ�ĐŽŶĨŝƌŵĞĚ�ůĂďŽƌĂƚŽƌǇ�ƚĞƐƚ�
ƌĞƐƵůƚƐ

Eсϳϭϲ͕ϱϲϯ

�ĚƵůƚƐ�ǁŝƚŚ�ĂŐĞ൒ϮϬ
Eсϭ͕ϬϳϬ͕Ϭϳϯ

�ĚƵůƚƐ�ǁŝƚŚ�ĂŐĞ൒ϮϬ
EсϲϭϮ͕ϭϬϰ

�ŶǇ�ĚŝĂŐŶŽƐĞƐ�ŝŶ�ϯ�ǇĞĂƌƐ�ƚŽ�ϳ�
ĚĂǇƐ�ďĞĨŽƌĞ��Ks/��ŽŶƐĞƚ

Eсϲϯϴ͕ϰϳϵ

�ŶǇ�ĚŝĂŐŶŽƐĞƐ�ŝŶ�ϯ�ǇĞĂƌƐ�ƚŽ�ϳ�
ĚĂǇƐ�ďĞĨŽƌĞ��Ks/��ŽŶƐĞƚ

EсϯϵϮ͕ϯϮϱ

�ŶǇ�ĚŝĂŐŶŽƐĞƐ�ŝŶ�ϯϬ�ĚĂǇƐ�ƚŽ�
ϭϴϬ�ĚĂǇƐ�ĂĨƚĞƌ��Ks/��ŽŶƐĞƚ

Eсϯϴϰ͕ϯϳϯ

�ŶǇ�ĚŝĂŐŶŽƐĞƐ�ŝŶ�ϯϬ�ĚĂǇƐ�ƚŽ�
ϭϴϬ�ĚĂǇƐ�ĂĨƚĞƌ��Ks/��ŽŶƐĞƚ

EсϮϭϮ͕ϰϬϯ

^�Z^Ͳ�ŽsϮ�ƉŽƐŝƚŝǀĞ�ƉĂƚŝĞŶƚƐ
Eсϯϱ͕Ϯϳϱ

^�Z^Ͳ�ŽsϮ�ƉŽƐŝƚŝǀĞ�ƉĂƚŝĞŶƚƐ
EсϮϮ͕ϯϰϭ

,ĂǀĞ�Ăƚ�ůĞĂƐƚ�ŽŶĞ�W�^��ŝŶ�ϯϬ�ĚĂǇƐ�
ƚŽ�ϭϴϬ�ĚĂǇƐ�ĂĨƚĞƌ��Ks/��ŽŶƐĞƚ

EсϮϳ͕ϮϱϬ

,ĂǀĞ�Ăƚ�ůĞĂƐƚ�ŽŶĞ�W�^��ŝŶ�ϯϬ�ĚĂǇƐ�
ƚŽ�ϭϴϬ�ĚĂǇƐ�ĂĨƚĞƌ��Ks/��ŽŶƐĞƚ

Eсϭϴ͕ϰϯϰ

�ǆĐůƵƐŝŽŶ͗��ŽǀŝĚ�ŶĞŐĂƚŝǀĞ�
ƉĂƚŝĞŶƚƐ������

�ǆĐůƵƐŝŽŶ�͗��Ž�ŶŽƚ�ŚĂǀĞ�ĂŶǇ�W�^��
ŝŶ�ϯϬ�ĚĂǇƐ�ƚŽ�ϭϴϬ�ĚĂǇƐ�ĂĨƚĞƌ�

�Ks/��ŽŶƐĞƚ

�ǆĐůƵƐŝŽŶ͗�WĂƚŝĞŶƚƐ�ǁŝƚŚ�ĂŶǇ�ŽĨ�ƚŚĞŝƌ�
W�^��ĂƉƉĞĂƌŝŶŐ�ŝŶ�ďĂƐĞůŝŶĞ�ƉĞƌŝŽĚ

�ůŝŐŝďůĞ�ƉĂƚŝĞŶƚƐ
�ŽǀŝĚϭϵн�ƉĂƚŝĞŶƚƐ�ǁŝƚŚ�ŶĞǁ�W�^�

EсϮϬ͕ϴϴϭ

�ůŝŐŝďůĞ�ƉĂƚŝĞŶƚƐ
�ŽǀŝĚϭϵн�ƉĂƚŝĞŶƚƐ�ǁŝƚŚ�ŶĞǁ�W�^�

Eсϭϯ͕ϳϮϰ

�ǆĐůƵƐŝŽŶ͗��Ž�ŶŽƚ�ƚĂŬĞ�ĂŶǇ�^�Z^Ͳ
�ŽsͲϮ�W�Zͬ�ŶƚŝŐĞŶ�ƚĞƐƚƐ�ĨƌŽŵ�
DĂƌĐŚ�ϮϬϮϬ�ƚŽ�EŽǀ͘ �ϮϬϮϭ

�ǆĐůƵƐŝŽŶ͗�tŝƚŚŽƵƚ�ĐŽŶĨŝƌŵĞĚ�
ůĂďŽƌĂƚŽƌǇ�ƚĞƐƚ�ƌĞƐƵůƚƐ

�ǆĐůƵƐŝŽŶ͗�ĂŐĞ൏ϮϬ

�ǆĐůƵƐŝŽŶ͗�tŝƚŚŽƵƚ�ĂŶǇ�ĚŝĂŐŶŽƐĞƐ�
ŝŶ�ϯ�ǇĞĂƌƐ�ƚŽ�ϳ�ĚĂǇƐ�ďĞĨŽƌĞ��Ks/��

ŽŶƐĞƚ�

�ǆĐůƵƐŝŽŶ͗�tŝƚŚŽƵƚ�ĂŶǇ�ĚŝĂŐŶŽƐĞƐ�
ŝŶ�ϯϬ�ĚĂǇƐ�ƚŽ�ϭϴϬ�ĚĂǇƐ�ĂĨƚĞƌ�

�Ks/��ŽŶƐĞƚ

Inclusion-
Exclusion 
cascade



��^Z�ĚŽŵĂŝŶ W�^� W�^��dŽƉŝĐ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ�
�ŝƌĐƵůĂƚŽƌǇ�^ǇƐƚĞŵ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ�
�ŝŐĞƐƚŝǀĞ�^ǇƐƚĞŵ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ�
DƵƐĐƵůŽƐŬĞůĞƚĂů�^ǇƐƚĞŵ�
ĂŶĚ��ŽŶŶĞĐƚŝǀĞ�dŝƐƐƵĞ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ�
EĞƌǀŽƵƐ�^ǇƐƚĞŵ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ�
ZĞƐƉŝƌĂƚŽƌǇ�^ǇƐƚĞŵ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ�'ĞŶŝƚŽƵƌŝŶĂƌǇ�^ǇƐƚĞŵ

�ŶĚŽĐƌŝŶĞ͕�EƵƚƌŝƚŝŽŶĂů�ĂŶĚ�DĞƚĂďŽůŝĐ��ŝƐĞĂƐĞƐ

EĞƵƌŽůŽŐŝĐĂů �ŝƐŽƌĚĞƌƐ

KƚŚĞƌ�^ǇŵƉƚŽŵƐ�ĂŶĚ�^ŝŐŶƐ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ�^ŬŝŶ�ĂŶĚ�
^ƵďĐƵƚĂŶĞŽƵƐ�dŝƐƐƵĞ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ��ůŽŽĚ

Subphenotype 2 (Respiratory, Sleep and Anxiety)

Subphenotype 4 (Digestive and Respiratory)

Subphenotype 1 (Cardiac and Renal)

Subphenotype 3 (Musculoskeletal and Nervous)

K: Diseases of the skin and subcutaneous tissue

A: Diseases of the blood and blood-forming organs

H: Endocrine, nutritional and metabolic diseases

J: Mental and behavioral disordersF: Diseases of the nervous systemB: Diseases of the circulatory system
E: Diseases of the musculoskeletal system

D: Diseases of the genitourinary system

I: Injury and poisoning

L: Others

Condition category by CCSR (Clinical Classifications Software Refined) domain
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C: Diseases of the digestive system G: Diseases of the respiratory system
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T8: 
23.9%

Sum of 
others: 
21.8%

T10: 
30.1%

T3: 
24.2%

0.05
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T9: 
21.5%

T7: 
24.3%

T4: 
19.3%

Sum of 
others: 
34.9%

T1: 32.4%

Sum of 
others: 
24.7%

T6:25.2%T5:
17.7%

T4: 
17.6%

Sum of 
others: 
28.5%T8: 

15.3%

T2: 38.6%

INSIGHT
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,͗��ŶĚŽĐƌŝŶĞ͕�ŶƵƚƌŝƚŝŽŶĂů�ĂŶĚ�ŵĞƚĂďŽůŝĐ�ĚŝƐĞĂƐĞƐ

:͗�DĞŶƚĂů�ĂŶĚ�ďĞŚĂǀŝŽƌĂů�ĚŝƐŽƌĚĞƌƐ&͗��ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ�ŶĞƌǀŽƵƐ�ƐǇƐƚĞŵ�͗��ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ�ĐŝƌĐƵůĂƚŽƌǇ�ƐǇƐƚĞŵ
�͗��ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ�ŵƵƐĐƵůŽƐŬĞůĞƚĂů�ƐǇƐƚĞŵ

�͗��ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ�ŐĞŶŝƚŽƵƌŝŶĂƌǇ�ƐǇƐƚĞŵ

/͗�/ŶũƵƌǇ�ĂŶĚ�ƉŽŝƐŽŶŝŶŐ

>͗�KƚŚĞƌƐ

W�^� ĐĂƚĞŐŽƌǇ�ďǇ���^Z�ĚŽŵĂŝŶ

�͗��ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ�ĚŝŐĞƐƚŝǀĞ�ƐǇƐƚĞŵ '͗��ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ�ƌĞƐƉŝƌĂƚŽƌǇ�ƐǇƐƚĞŵ

^Ƶŵ�ŽĨ�
ŽƚŚĞƌƐ͗�
ϭϴ͘ϴй

dϭϬ͗�
Ϯϴ͘ϯй

dϯ͗�
Ϯϲ͘Ϯй

dϴ͗�
Ϯϲ͘ϳй

dϰ͗�
Ϯϱ͘ϭй

dϵ͗�
Ϯϯ͘Ϯй

^Ƶŵ�ŽĨ�
ŽƚŚĞƌƐ͗�
ϮϮ͘ϵй

dϳ͗�
Ϯϴ͘ϴй

^Ƶŵ�ŽĨ�
ŽƚŚĞƌƐ͗�
Ϯϯ͘ϱйdϭ͗�

ϯϱ͘ϳй

dϱ͗
ϭϮ͘ϲй

dϲ͗
Ϯϴ͘Ϯй

^Ƶŵ�ŽĨ�
ŽƚŚĞƌƐ͗�
Ϯϲ͘ϴй

dϰ͗�
ϮϮ͘ϲй

dϴ͗�ϭϬ͘ϵй

dϮ͗�ϯϵ͘ϳй
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^ƵďƉŚĞŶŽƚǇƉĞ�ϭ�
;�ĂƌĚŝĂĐ�ĂŶĚ�ZĞŶĂůͿ

Eсϳ͕Ϭϰϳ

^ƵďƉŚĞŶŽƚǇƉĞ�Ϯ
;ZĞƐƉŝƌĂƚŽƌǇ͕�^ůĞĞƉ�ĂŶĚ��ŶǆŝĞƚǇͿ

Eсϲ͕ϴϯϴ

^ƵďƉŚĞŶŽƚǇƉĞ�ϯ
;DƵƐĐƵůŽƐŬĞůĞƚĂů�ĂŶĚ�EĞƌǀŽƵƐͿ

Eсϰ͕ϴϳϵ

^ƵďƉŚĞŶŽƚǇƉĞ�ϰ
;�ŝŐĞƐƚŝǀĞ�ĂŶĚ�ZĞƐƉŝƌĂƚŽƌǇͿ

EсϮ͕ϭϭϳ

ϯϬй

ϭй

ϭϬй

ϮϬй

EŽĚĞ ƐŝǌĞ

ϳй

ϱй

ϭй

ϯй

>ŝŶĞ�ǁŝĚƚŚ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ�DƵƐĐƵůŽƐŬĞůĞƚĂů�^ǇƐƚĞŵ�
ĂŶĚ��ŽŶŶĞĐƚŝǀĞ�dŝƐƐƵĞ

�ϭ͗�KƐƚĞŽĂƌƚŚƌŝƚŝƐ
�Ϯ͗�^ƉŽŶĚǇůŽƉĂƚŚŝĞƐ
�ϯ͗�DƵƐĐƵůŽƐŬĞůĞƚĂů�ƉĂŝŶ
�ϰ͗��ŽŶŶĞĐƚŝǀĞ�ƚŝƐƐƵĞ�ĚŝƐĞĂƐĞ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ��ŝŐĞƐƚŝǀĞ�^ǇƐƚĞŵ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ�EĞƌǀŽƵƐ�^ǇƐƚĞŵ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ��ŝƌĐƵůĂƚŽƌǇ�^ǇƐƚĞŵ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ�ZĞƐƉŝƌĂƚŽƌǇ�^ǇƐƚĞŵ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ�'ĞŶŝƚŽƵƌŝŶĂƌǇ�^ǇƐƚĞŵ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ��ůŽŽĚ

�ŶĚŽĐƌŝŶĞ͕�EƵƚƌŝƚŝŽŶĂů�ĂŶĚ�DĞƚĂďŽůŝĐ��ŝƐĞĂƐĞƐ

DĞŶƚĂů�ĂŶĚ�EĞƵƌŽĚĞǀĞůŽƉŵĞŶƚĂů��ŝƐŽƌĚĞƌƐ

�ϭ͗��ďĚŽŵŝŶĂů�ĂŶĚ�ƉĞůǀŝĐ�ƉĂŝŶ
�Ϯ͗�'ĂƐƚƌŽŝŶƚĞƐƚŝŶĂů�ĚŝƐŽƌĚĞƌ
�ϯ͗��ƐŽƉŚĂŐĞĂů�ĚŝƐŽƌĚĞƌ
�ϰ͗�'ĂƐƚƌŝƚŝƐ�ĂŶĚ�ĚƵŽĚĞŶŝƚŝƐ
�ϱ͗�^ƚŽŵĂĐŚ�ĚŝƐŽƌĚĞƌ
�ϲ͗�EĂƵƐĞĂ�ĂŶĚ�ǀŽŵŝƚŝŶŐ

�ϭ͗��ŽŐŶŝƚŝǀĞ�ƉƌŽďůĞŵƐ
�Ϯ͗�^ůĞĞƉ�ĚŝƐŽƌĚĞƌ
�ϯ͗�,ĞĂĚĂĐŚĞ
�ϰ͗�DĂůĂŝƐĞ�ĂŶĚ�ĨĂƚŝŐƵĞ
�ϱ͗�EĞƌǀŽƵƐ�ƐǇƐƚĞŵ�ƉĂŝŶ
�ϲ͗�EĞƌǀŽƵƐ�ƐǇƐƚĞŵ�ĚŝƐŽƌĚĞƌƐ

�ϭ͗��ƌĞĂƚŚŝŶŐ�ĂďŶŽƌŵĂůŝƚŝĞƐ
�Ϯ͗�>ŽǁĞƌ�ƌĞƐƉŝƌĂƚŽƌǇ�ĚŝƐĞĂƐĞ

�ϭ͗��ŚĞƐƚ�ƉĂŝŶ
�Ϯ͗��ďŶŽƌŵĂůŝƚŝĞƐ�ŽĨ�ŚĞĂƌƚ�ďĞĂƚ
�ϯ͗��ĂƌĚŝĂĐ�ĚǇƐƌŚǇƚŚŵŝĂƐ
�ϰ͗�,ĞĂƌƚ�ĨĂŝůƵƌĞ

&ϭ͗�ZĞŶĂů�ĨĂŝůƵƌĞ

'ϭ͗��ŶĞŵŝĂ

,ϭ͗�&ůƵŝĚͬĞůĞĐƚƌŽůǇƚĞ�ĚŝƐŽƌĚĞƌƐ

/ϭ͗��ŶǆŝĞƚǇ
KƚŚĞƌƐ

:ϭ͗�^ŬŝŶ�ƐĞŶƐĂƚŝŽŶ�ƉƌŽďůĞŵƐ�ĂŶĚ�ƌĂƐŚ
:Ϯ͗�'ĞŶĞƌĂů�ƐŝŐŶƐ�ĂŶĚ�ƐǇŵƉƚŽŵƐ

�Ks/�Ͳϭϵ�WŽƐŝƚŝǀĞ �Ks/�Ͳϭϵ�EĞŐĂƚŝǀĞ
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^ƵďƉŚĞŶŽƚǇƉĞ�ϭ�
;�ĂƌĚŝĂĐ�ĂŶĚ�ZĞŶĂůͿ

Eсϯ͕ϰϵϬ

^ƵďƉŚĞŶŽƚǇƉĞ�Ϯ
;ZĞƐƉŝƌĂƚŽƌǇ͕�^ůĞĞƉ�ĂŶĚ��ŶǆŝĞƚǇͿ

Eсϱ͕Ϯϴϭ

^ƵďƉŚĞŶŽƚǇƉĞ�ϯ
;DƵƐĐƵůŽƐŬĞůĞƚĂů�ĂŶĚ�EĞƌǀŽƵƐͿ

Eсϯ͕ϮϬϱ

^ƵďƉŚĞŶŽƚǇƉĞ�ϰ
;�ŝŐĞƐƚŝǀĞ�ĂŶĚ�ZĞƐƉŝƌĂƚŽƌǇͿ

Eсϭ͕ϳϰϴ

ϯϬй

ϭй

ϭϬй

ϮϬй

EŽĚĞ ƐŝǌĞ

ϳй

ϱй

ϭй

ϯй

>ŝŶĞ�ǁŝĚƚŚ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ�DƵƐĐƵůŽƐŬĞůĞƚĂů�^ǇƐƚĞŵ�
ĂŶĚ��ŽŶŶĞĐƚŝǀĞ�dŝƐƐƵĞ

�ϭ͗�KƐƚĞŽĂƌƚŚƌŝƚŝƐ
�Ϯ͗�^ƉŽŶĚǇůŽƉĂƚŚŝĞƐ
�ϯ͗�DƵƐĐƵůŽƐŬĞůĞƚĂů�ƉĂŝŶ
�ϰ͗��ŽŶŶĞĐƚŝǀĞ�ƚŝƐƐƵĞ�ĚŝƐĞĂƐĞ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ��ŝŐĞƐƚŝǀĞ�^ǇƐƚĞŵ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ�EĞƌǀŽƵƐ�^ǇƐƚĞŵ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ��ŝƌĐƵůĂƚŽƌǇ�^ǇƐƚĞŵ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ�ZĞƐƉŝƌĂƚŽƌǇ�^ǇƐƚĞŵ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ�'ĞŶŝƚŽƵƌŝŶĂƌǇ�^ǇƐƚĞŵ

�ŝƐĞĂƐĞƐ�ŽĨ�ƚŚĞ��ůŽŽĚ

�ŶĚŽĐƌŝŶĞ͕�EƵƚƌŝƚŝŽŶĂů�ĂŶĚ�DĞƚĂďŽůŝĐ��ŝƐĞĂƐĞƐ

DĞŶƚĂů�ĂŶĚ�EĞƵƌŽĚĞǀĞůŽƉŵĞŶƚĂů��ŝƐŽƌĚĞƌƐ

�ϭ͗��ďĚŽŵŝŶĂů�ĂŶĚ�ƉĞůǀŝĐ�ƉĂŝŶ
�Ϯ͗�'ĂƐƚƌŽŝŶƚĞƐƚŝŶĂů�ĚŝƐŽƌĚĞƌ
�ϯ͗��ƐŽƉŚĂŐĞĂů�ĚŝƐŽƌĚĞƌ
�ϰ͗�'ĂƐƚƌŝƚŝƐ�ĂŶĚ�ĚƵŽĚĞŶŝƚŝƐ
�ϱ͗�^ƚŽŵĂĐŚ�ĚŝƐŽƌĚĞƌ
�ϲ͗�EĂƵƐĞĂ�ĂŶĚ�ǀŽŵŝƚŝŶŐ

�ϭ͗��ŽŐŶŝƚŝǀĞ�ƉƌŽďůĞŵƐ
�Ϯ͗�^ůĞĞƉ�ĚŝƐŽƌĚĞƌ
�ϯ͗�,ĞĂĚĂĐŚĞ
�ϰ͗�DĂůĂŝƐĞ�ĂŶĚ�ĨĂƚŝŐƵĞ
�ϱ͗�EĞƌǀŽƵƐ�ƐǇƐƚĞŵ�ƉĂŝŶ
�ϲ͗�EĞƌǀŽƵƐ�ƐǇƐƚĞŵ�ĚŝƐŽƌĚĞƌƐ

�ϭ͗��ƌĞĂƚŚŝŶŐ�ĂďŶŽƌŵĂůŝƚŝĞƐ
�Ϯ͗�>ŽǁĞƌ�ƌĞƐƉŝƌĂƚŽƌǇ�ĚŝƐĞĂƐĞ

�ϭ͗��ŚĞƐƚ�ƉĂŝŶ
�Ϯ͗��ďŶŽƌŵĂůŝƚŝĞƐ�ŽĨ�ŚĞĂƌƚ�ďĞĂƚ
�ϯ͗��ĂƌĚŝĂĐ�ĚǇƐƌŚǇƚŚŵŝĂƐ
�ϰ͗�,ĞĂƌƚ�ĨĂŝůƵƌĞ

&ϭ͗�ZĞŶĂů�ĨĂŝůƵƌĞ

'ϭ͗��ŶĞŵŝĂ

,ϭ͗�&ůƵŝĚͬĞůĞĐƚƌŽůǇƚĞ�ĚŝƐŽƌĚĞƌƐ

/ϭ͗��ŶǆŝĞƚǇ
KƚŚĞƌƐ

:ϭ͗�^ŬŝŶ�ƐĞŶƐĂƚŝŽŶ�ƉƌŽďůĞŵƐ�ĂŶĚ�ƌĂƐŚ
:Ϯ͗�'ĞŶĞƌĂů�ƐŝŐŶƐ�ĂŶĚ�ƐǇŵƉƚŽŵƐ

�Ks/�Ͳϭϵ�WŽƐŝƚŝǀĞ �Ks/�Ͳϭϵ�EĞŐĂƚŝǀĞ
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Outline
• Introduction
• Subphenotyping of COVID-19 at infection confirmation
• Subphenotyping of Severe COVID-19 after Mechanical Ventilation
• Subphenotyping of Long COVID
• Discussions



Discussions
• Complicated diseases are heterogeneous
• Snapshot 
• Longitudinal

• Identification of disease subphenotypes from patients’ clinical data 
can help us better understand the clinical heterogeneity and trigger 
stratified medicine
• The next step is to “validate” the subphenotypes
• External validation on independent data
• Mechanism investigation
• Treatment response assessments
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